Introduction:
Since . Among other tissues; prostate, breast, colon, brain, and immune cells are the most known tissues that possess vitamin D receptors (1) . Not only that its receptors are in many tissues but also it controls the function of over 200 genes, including genes responsible for the regulation of cellular proliferation, differentiation, apoptosis, and angiogenesis (3) .
Although there is no consensus on optimal levels of 25(OH)D as measured in serum, vitamin D deficiency is defined by most experts as a 25(OH)D level of less than 20 ng/ml (4) . Vitamin D deficiency is very common especially among elderly populations with reports of prevalence as high as 84% in some countries (5) .
Since prevalence is even higher among elderly with comorbidities it is very possible that vitamin D could be associated with common geriatric syndromes.
Geriatric syndromes possibly linked to vitamin D deficiency:
Frailty:
25(OH)D deficiency is associated with debilitating chronic diseases and age-related conditions that may influence physical functioning and hence relation to frailty was considered in research (7) . The largest of these studies was that of Wilhelm-Leen and coleagues (2010). Using data from the Third National Health and Nutrition Survey (NHANES III), 25(OH) D deficiency, defined as a serum concentration <15 ng/mL), was associated with a 3.7-fold increase in the odds of frailty amongst whites and a four-fold increase in the odds of frailty amongst non-whites (7) . Also, a cross-sectional study on a total of 1,504 community-dwelling men aged 60-79 years-using multinomial logistic regressionfound lower levels of 25(OH)D were associated with being pre-frail and frail even after adjustment for confounders. Among the five frailty phenotypes (FP) criteria, only sarcopenia was not associated with 25(OH)D levels (8) .
Association was low muscle mass was examined again in the cross-sectional study of Dupuy and colleagues using data from the EPIDOS study. The results again showed that no association between low muscle mass and low dietary intakes of vitamin D (9) .
Longitudinal studies are needed to examine if vitamin D supplementation to vitamin D deficient frail persons with sarcopenia has any effect on either frailty status or muscle mass.
Incontinence and pelvic floor dysfunction:
Urinary continence requires coordinated muscle function with relaxation of the bladder detrusor allowing the bladder to fill, followed by detrusor contraction with concomitant sphincter relaxation at a time controlled by the individual. Since bladder musculature possesses vitamin D receptors and responds to vitamin D analogues, vitamin D deficiency perhaps could influence bladder dysfunction (10) (11) .
Pelvic floor dysfunction in females is common, and its prevalence increases with age. The prevalence of urinary incontinence (UI) varies by definition but has been reported to range between 13% and 49% (12) (13) (14) (15) (16) .
A relation between osteoporosis and pelvic floor muscles function was suggested in research (17) and so the idea to study its relation to vitamin D deficiency only seems rational.
Prospective cohort or randomized studies investigating the relationship between vitamin D nutritional status and pelvic floor disorders symptoms are lacking but observational studies show a possible link. One study including more than 1800 adult women showed that as many as 82% of the participants had low levels of vitamin D. However those who had pelvic floor disorders and/or incontinence had levels significantly lower than those of the rest of the group (18) . Links to fecal incontinence have been examined in a small cohort study of patients with fecal incontinence, it was shown that all patients had hypovitaminosis D (60% had vitamin deficiency and 40% with relative vitamin D insufficiency). The mean vitamin D level in patients with fecal incontinence was 17 ng /ml (range 5.4-22.2 ng /ml) with a significantly higher prevalence than the general population (19) .
Longitudinal studies are still lacking but two case studies are available; the first was a 78-year-old woman with symptoms of urge incontinence who had vitamin D deficiency [25(OH)D <10 ng/ml] who claims her UI resolved with vitamin D supplementation. The second reported case was a 59-year-old woman with stress urinary incontinence symptoms who had a 25(OH)D level of 13 ng/ml. However, these symptoms resolved even before normalization of her serum vitamin D level (20) .
Dementia and cognitive impairment:
It has only been in the last decade or so that vitamin D has been thought to function as a neuro-steroid (21) and research yielded a large amount of knowledge regarding vitamin D and its previously unknown role in brain development and function. For example, the distribution of the vitamin D receptor (VDR) and the enzyme associated with the synthesis of the active form of the hormone 1α-hydroxylase (CYP27B1) has been mapped in human brain (22) . Hypovitaminosis D has been associated with cognitive decline in the elderly, Parkinson's disease and Alzheimer's disease (23) (24) (25) (26) . In a large prospective study of cognitive decline, aging and 25OHD3, cognitive decline and the rate of decline were increased in subjects severely deficient in 25OHD3 (<25 nM) (25) . However, it is unclear if associations between hypovitaminosis D and psychiatric disorders are causative or circumstantial, but there is some evidence for symptom improvements with vitamin D supplementation (24) .
Recently, in a cross-sectional and longitudinal analysis of a prospective cohort of 6,257 community-dwelling elderly women followed for 4 years, a lower serum 25(OH) D level at baseline predicates cognitive decline during the 4.6 years follow-up (27) .
Another follow-up study on 498 community-dwelling elderly females found that low baseline vitamin D level, as well as low vitamin D intake was predictors of Alzheimer's dementia but not other types of dementia (28) .
Depression:
Vitamin D has also been linked to depression which is one of the most common mental disorders in elderly populations. Stumpf and colleagues first suggested that vitamin D may contribute to the higher prevalence of seasonal affective disorders at high latitudes (29) . However to date, the results of small trials of vitamin D supplements in seasonal affective disorder have been inconclusive (30) (31) (32) .
Even with large cross-sectional studies the results are conflicting. A number of crosssection studies have reported association between low vitamin D and depression (33) (34) (35) . While other cross-sectional studies have failed to find such an association when controlled for potential confounding factors (36) (37) (38) .
The influence of potential confounds has been examined in a larger observational study from Europe on 1283 communitydwelling elderly (65-95 years), it was reported that those with lower 25(OH)D levels were at significantly increased risk of both minor and major depression. The severity of symptoms was significantly associated with decreased serum 25(OH)D levels and increased serum PTH levels (39) .
Another large, population-based survey of the elderly (n = 2070 participants, aged 65 years and older) reported a significant increased risk of depressive symptoms in those with vitamin D deficiency (40) .
A 6-year prospective study of 954 adults aged 65 years and older examined the association between low vitamin D at baseline and subsequent (incident) depression (41) . Those with 25(OH)D less than 50 nM at baseline (compared with those with higher levels) experienced significantly higher scores on measures of depression at 3 and 6 year follow-up. The study was able to adjust for a range of potential confounds, and examined the association between the variables of interest in a prospective fashion, thus lending weight to the hypothesis that low vitamin D may contribute causally to depression. A reanalysis of the Women's Health Initiative examined the association between dietary vitamin D intake at baseline in a very large sample (n = 81,189). Those with the highest dietary intake has lower scores on depressive symptoms at the 3 year followup, and this finding persisted after adjustments for a range of potential confounding factors (42) .
Recommended doses of vitamin D supplementation:
Vitamin D supplementation intake recommendations are controversial based upon the targeted condition. To address the debate over how much vitamin D supplementation to recommend, the Institute of Medicine (IOM) published the 2011 report on dietary reference intakes for vitamin D to be 600 IU/day for ages 1 to 70 years, and 800 IU/day for those older than 71 years in musculoskeletal conditions (43) . Nevertheless, there is ample evidence that vitamin D doses above these recommendations are well tolerated (44) (45) .
Yet; due to the lack of conclusive level I evidence, the IOM concluded that recommendations for vitamin D supplementation to address any other condition-specific goal must await larger epidemiologic or randomized studies (43) .
Screening potential:
Several problems are inevitably connected with the use of plasma 25(OH)D to assess vitamin D status. One important problem is that plasma 25(OH)D level depends on unchangeable ecological factors (season, local weather conditions and latitude), modifiable individual lifestyle factors (clothing, dietary habits, etc.), and unmodifiable individual factors (race, pigmentation, skin thickness and age) (46) . So, most guidelines for elderly population recommend vitamin D and calcium supplementation for the elderly without previous testing of vitamin D status (43) .
Future studies of feasibility of testing vitamin D status in risk groups are therefore mandated.
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